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Abstract--0vipositing female Nantucket pine tip ~noth, Rhyoc.ior~iu jku.sfrirrii~, 
prefer loblolly pine, Pinns ravdu L., to slash pine, Pinris elliottii Engelm. except 
during the tirst spring following planting of seedlings. Host discrimination by 
K.j?u.strirna increases as seedlings develop, suggesting that changes in the chem- 
ical composition of seedlings lnay mediate the moth's host preferences. Volatile 
con~pounds from slash and loblolly pine seedlings were collected using solid- 
phase microextraction (SPME) during the lirst year following planting. Four 
collection periods coincided with adult emergence and oviposition during each 
of four annual generatio~ls of R.fru.srr.crrzcr in the Georgia Coastal Plain. Infesta- 
tion of slash pine peaked during the second tip moth generation and was si~nilar 
to the loblolly pine infestation level. By the fourth tip moth generation, slash pine 
infestation levels had declined and divergeti considerably from those of loblolly 
pine. Significant difl'erences in I-elative quantities of i(-pinene, w-phellandrene, 
limonene, P-phellandrene, hot-nyl acetate, p-caryophyllene, and an unidentified 
sesquiterpene occurred between slash and loblolly piitc during the fourth gen- 
eration. However, no strong correlation was ohselved between any individual 
compound and host daniage that could readily explain the temporal changes in 
fi. j-ri.srri~rz~~ host prefcrencc. Gas c1irotnatograpliic41ectroa~~tennogri~phic de- 
tection (GC-EAD) analyses of standards idelltilied 19 different seedling- 
associated compounds that elicited antenna1 responses from R. fiu.srrirna Se- 
males, indicating that a blend of terpenoids may mediate host discrimination. 

K e y  Words-Tortricidae, Pitiris ttrc~iltr, Pir~lts clliortii, terpenes, host selection, 
solid-phase microextraction, clectroantcnnogr~m. 
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The Ndntucket plne t ~ p  moth, R l ~ ~ u t  lonru frltrtrur7ci (Cornstock) (Leprdoptera. 
Tortric~d~~e),  rs an important pest ot lntenslvely managed loblolly prne (Plr~ur 
t u ~ d u  L ) plnntatlons throughout the southeastern United States Femdle trp moths 
ovtpos~t on needles, buds, and shoots Larvae mrne needles rnrtially, and then 
bore rille the bud or shoot, severlng the vascular tissue and killing the dplcal 
ineristem (Yates et al , 198 I; Ber~sford, 1988; Asaro et al., 2001). Reduced growth 
,ind development of poor torn1 may result (Cdtie and Hedden, 1987, Bensford 
et dl , 1989; Nowak ,~nd Berrsford. 2000; A\aro et al., 2001). Rlzyuclonru 
jlurtrunu 14 multrvolt~ne, wlth two to five generattons per year in d~fferent 
parts of it\ range (Bensfosd, 1988; Fettlg et dl., 2000; Asaro el al.. 
2001) 

Slash pine, Plrirlr elliottl~ Engelm., 1s generally resistant to R frurtrunu at- 
tack (Yates, 1962) Hood et al. (1985) reported that R fru\trunu ovrposrts almort 
exclus~vely on Ioblolly pine even when growing adjacent to slash plne However, 
anecdotal ob\ervatlons \ugge\t that \lash plne secdl~ngs are su\cept~ble to t ~ p  moth 
oviposrtlon nnd successful attack durrng the hrrt growrng reawn following plant- 
Ing w~th  rnfestatron rates decreasing to typrcal, low level\ by the end of the first or 
second year (Yates, 1966; Hood ct al.. 1985; Berrsford, 1988), although th15 hac 
never been confirmed exper~mentall y. 

Monoterpenec are Important ho\t hndrng and ovrpout~on cues for rome Lep- 
Idoptera (Stadler, 1974; Hanula et al., 1985; Leather, 1987; Ahman et al., 1988; 
Shu et al., 1997). Rors et al. (1995), uslng 5- to 29-month-old loblolly and 4a\h 
plne \eedllng\, attempted to detennrne whether the ovipocrtlon preference of Nan- 
tucket prne trp moth was based on monoterpene eintstron\ or cutrcular Irpidr. They 
founti a slgnihcantly greater amount of ,!3-pinene and lower amounts of inyrcene 
In slarh plne compared to loblolly, whereas relat~ve proportions among cutrcuiar 
l ~ p ~ d \  vaned between these two specie\. However, the% d~fferences have not yet 
been llnked dlrectly to o v ~ p o s ~ t ~ o n  preference. 

Our prlrnary oblectrve was to rdentrfy olfacto~y cues for R fr-urtranu that 
could medrate thr\ pest'$ abrlity to discr~m~nate between cla\h and loblolly pine 
seedlrngs We documented d~fferencej between the profiles of volattles of these two 
host \pecles during the hr\t growing sea\on tollowlng planting, and we attempted 
to correlate the5e drfterences w ~ t h  R f r  urfrunu damage levels and, by a\sociatlon, 
ov~po\itlon prefe~ence durrng the same interval. We used headspace rolrd-phase 
microextract~on (SPME) to obtaln a more complete analys~s of the total volatile 
profilc ot slash and loblolly pine than andlyses reported prevrously (Ross et al., 
1995). Evrdence suggest5 that SPME 1s '1 more sens~tlve technrque for detectrng 
t r x e  compound\ than triiditlonal methods tor headspace sampl~ng (Flechtmann 
et dl , 1999, 'l'homsen, 1999) In ddd~tron, we u\ed electroantennography to evnl- 
udte R fr irrtr unu's oltactory sensltlvrty to compound\  denti it red rn the profiles 
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of volatiles of the seedlings and to thereby d~st~nguish posstble sem~ochernicals 
utilized dur~ng host select~on. 

METHODS AND MKrERiALS 

Sruriy Sltc The study was conducted on two plots In Etfingham County, 
Georgia, approximately 2 km west of Rincon, in a portion of the Georgia Coast:lf 
Plain where R frurtruna has four generations per year (Fettig et al., 2000). On 
January 5,2000,400 bareroot seedltngs were hanci planted 20 rows wide by 20 trees 
long with alternat~ng rows of slash and loblolly pine ,it 1 .8 x 3.6 n1 spaclng on each 
plot. At one plot, seedlings were planted on bedded soil (so11 that is mounded up 
into low ridges or "beds," a common forestry practice on flat, poorly drarned sites) 
The bedded plot \?.as row-treated with ~elpai -& /Oust ' (HexazinonelSulforneturm 
methyl) in the sprmg and recelveci a broadcast treatment of ~ r s e n a l ~  (Irnalapyr) 
dur~ng summer to control competing vegetation. The  inb bedded plot was mowed 
pnor to planting. anct the herbicide ~ c c o ~ d ' "  (Glyphosate) wa\ applred during 
summer In a 0.5 m c~rcle around each tree. 

C o l l ~ (  trorl of Volutrl~c Tree odors were collected on tour dates to coincide 
w ~ t h  the adult emergence/ov~poritron period of each generation of R f i  urtratru: 
M'irch 2, May 15, July 6, and Augu5t 25,2000. Collect~ons were executed during a 
3-hr interval at dusk (March 2,5-8 I>.M.; May 15,6:45-9:45 P.M.; July 6 and Augu5t 
25, 7-10 P.M.) to co~ncide with the mating fl~ght and oviposition of R frr4\truna 
(Webb and Berisford, 1978; Ber~sford, 1988). Monoterpene emissions from south- 
ern pines are h ~ g h  dur~ng this time mterval and are relatively constant over a broacl 
temperature range (Tingey et al., 1980). Volat~les were obtained from 12 sceclhngs 
ot slash and loblolly pine trorn each plot using SPME trbers coated with 50 ,urn of 
cross-l~nked drvlnylbenlene (DVB), carboxen, anct polydimeihyls~loxane (PDMS) 
(Supelco, Belletonte, PA) Prior to first use, each tiber was condit~onecl dt 270 C 
tor4  hr. Fibers were thermally condrt~oned again tor 10 min at 270 C pilor to each 
sub\equent we ,  anci gas ch~omatogriphy analys~s confinned thdt tht\ 'idequately 
climinatecl contaminants. Foi sampling, each hber wa5 extruded and attached to 
a top-whorl shoot Llslng a clothespin. A 0.95 1 (17.8 x 20 3 cm) piast~c (LDPE) 
tieezer bag was placed ovei the shoot and fiber and partially sealed at the haw wrth 
binder c l~ps  to enclose i headspace. After 3 hr, fibers were ietracted into the syrtnge 
needle, sealed at the tip w ~ t h  a Teflon plug, placed in screw-top culture tubes, and 
stored on ice for transport back to the laboratory. Fibcrs werc wbsequently stored 
at -80 C tor up to 2 wk. 

Darnugr E\frnlofr\ At the end ot each li j t t r \ f t t r r l r i  gcner,ttiori, top-whorl 
ddrnage est~mates were obtained from 20 tiees of e:lcIi species ,it each plot, ~ncluci- 
rng those trees s'lmpled fot volatiles. Percent tlamage per tree wa\ c,~lculdted by 
counting the total number of shoots anti damaged \hoots In the top whorl, which is 
well correl'ited with whole tree d,~m'ige (Fettig 'tnd Rensfoid, 1999, Asaro et rtl. ,  



2003) Ddmaged shoots were ldent~fied by the presence of a p~tch mass on or near 
the term~nal bud accompan~ed by dl y. brown needles and buds Because of an over- 
lap of R fiurtiunu w ~ t h  the northern extreme of the range of the subtropical ptne 
ttp moth, R \uhtropr( 11 M ~ l l e ~ ,  25 pupae were collected on October 23,2000, from 
edch plne specles to verlfy that K firrrtrtrna was cdustng the observed damage 
Pupae were rdent~fied accordlng to Yates ( 1  967) 

C ~ P I ~ ~ C  (11 A n a I v r ~ ~  A n a l y ~  were performed by desorblng each fiber In the 
Injector of an Hewlett-Packard (H-P) GCD GI XOOA coupled gas chromatograph- 
mass specttometer (GC-MS) equ~pped w ~ t h  an SPME lnlet llner (Supelco, Bel- 
lafonte, PA) and a11 HP-INNOWax column (60 m x 0.25 mm 1.d.; 0.33 /Lm film 
th~ckne$c) (Hewlett-Packard Corp., Palo Alto. CA). Prlor to Injection, each fiber 
sample was exposed to the equ~l~brated headspace of >9X% heptyl acetate (C7Ac) 
within a 100 ml bottle at room temperature for 5 sec to prov~de a semrquantltatlve 
1nternal5tandard Spec~fically, the bottle cap was removed and the opening sealed 
wtth alurmnum fotl. After waitlng 5 mln for the headspace to equll~brate w ~ t h  any 
introduced alr, an SPME fiber was attached to ~ t s  spec~al~zeci holder (Supelco), 
dnd the needle was placed through the toll w~thout exposlng the fiber. The needle 
wa\ removed and rmrnedlately Inserted Into the GC, and the fiber was desorbed. 
The repeatabil~ty of t h ~ s  method was confirmed (mean varlatlon 11.6% for 10 
rnjectlons). 

The carrler gas wa5 hel~um at a flow rate of 0.9 ml/m~n w ~ t h  a 0.7 mln spl~t -  
less lnjectlon tlme. The GC Inlet temperature was 22OCC, and the temperature 
program was 40°C for 2 mln, then 16"C/m1n to 130'C, then 6"C/m1n to 210'C, 
then 30 C/rnln to 240'C for 4 mln. A subsample of three fibers per sampling date 
were re~njected ~mmedlately after a sample run to confirm that all compounds 
were completely desorbed onto the colun~n. All compound ~dent~ticatlons were 
based on mass spectral and retentron trme matches wlth known standards. For 
stat~stlcal cornpansons, headspace compound5 were quantified as C7Ac equiva- 
lents (~.e. ,  the quotient of the raw lntegratlon areas of analyte peaks w ~ t h ~ n  the 
total Ion chromatograms drv~ded by the Integrated area of the ~nternal 5tandard 
C7Ac). 

To esilmate the absolute proportions among d~fferent compounds In the 
headspace \ample\. quantrties exprecred a\ C7Ac eyulvalents were corrected usmg 
response facton calculated by expomg fibers to known quant~tles of colnmerc~ally 
obtained {tandards Compounds for whlch no standard was ava~lable had refpollse 
lactor5 ass~gned hasect on the~r  structural \~mllar~ty  to compounds w ~ t h  known 
response factors For compounds who\e response factors were unknown but were 
present In very low amounts In our field samples (tO.S% of the total volatile 
prohle), no response lactors were dppl~ed to raw peak areas. 

Cold Storug~ Tr'rt Tests were performed to determine whet he^ cold storage 
of SPME hbers for up to 2 wk led to any sample loss Ten hbers were exposed 
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to an evaporated pentane solution (5 /LI) containing 10 ng/ /~l  each of a-pinene, 
B-pinene, myrcene, a-phellandrene, terpinolene, heptyl acetate, and terpinen-4- 
01 within a sealed 40 ml vial for I0 min. Five of these fibers were immediately 
injected into the GC-MS for analysis, while other five were stored at -8OC for 
2 wk and subsequently analyzed. 

Elrctl-ophysiology. Gas chromatographic-electroantennographic detection 
(GC-EAD) analyses were performed on 14 male and 14 female R.fi.ustl-atza that 
had emerged up to 5 d previously from loblolly pine shoots clipped in Oconee 
Co., Georgia on February 10,2003. Prior to analyses, moths were housed in foam- 
plugged plastic vials with pieces of moistened paper towel at 8°C and a 14: 10 
(L:D) hr light regime. Electrical contact was made by inserting a glass/pipette 
Ag/AgCl reference electrode into a moth's excised head and inserting the distal 
segments of one intact antenna into a second, glass/pipette Ag/AgCI recording 
electrode. Both pipettes were filled with Beadle-Ephrussi saline containing 0.5% 
polyvinylpyrrolidone (Bjostad, 1998) and 0.01% Triton X-100 (Union Carbide 
Midland, MI), a wetting agent which improved saline contact with the antennal 
tip. The antennal preparation was positioned at the opening of a stainless steel tube 
(8 mm diam.) that delivered a continuous stream (400 ml/min) of charcoal filtered, 
humidified air. 

GC-EAD analyses were carried out with an H-P GC 5890 instrument fitted 
with a 60 nl HP-INNOWax column. The temperature program was 40°C for 1 min, 
then 6"C/min to 230°C. for 10 min; the injector temperature was 200°C. Effluent 
from the column was split 1 : 1 and mixed with makeup gas in a union cross (Gerstel, 
Berlin, Germany). Deactivated, fused silica tubing (0.32 mm diam.) delivered half 
of the column effluent to a flame ionization detector and the other half through 
a heated transfer line (24OC.; Syntech, Hilversum, The Netherlands) that exited 
into the stimulus delivery tube (65 mm upwind from the antennal preparation). 
Samples consisted of a synthetic mixture of 22 compounds (Table 1) identified in 
seedling foliage headspace and diluted to -45 ng/compound/pl of hexane (-90 ng/ 
compound/pl for chiral compounds available as racemic mixtures). Samples ( 1  p1) 
were injected splitless into the GC. 

Signals from the recording electrode were amplified by a high impedance 
guarded input AC/DC probe (Syntech) and then filtered and further amplified by 
an Autospike IDAC-213 signal connection interface (Syntech). Acquisition and 
analysis of antenna1 responses were performed with PeakSimple chromatography 
analysis software (Version 2.74) interfaced with a PeakSimple Chromatography 
Data System (SRI Instruments, Torrance, CA). For each run, the EAD trace was 
inverted, reprocessed with a moving average filter (1 sec wide), and assigned a 
baseline. Heights were calculated for all EAD peaks that occurred within a 23- 
min window that enclosed the retention times of the 22 test compounds (32& 
380 peaks per trial). A compound eluting from the GC was considered to have 



TABLE 1 .  VOLATILL: COMPO~INDS DECORBED FROM SPME 
F~BER SAMPLES FROM LOBI.OLLY AND SLASH PINE 

Volatile compound Tree species 

1 a-Pinene 
2 Cdmphrne 
7 P-Plnene 
4 Sdbinene" 
5 Myrcene 
6 a-Phelldndrene 
7 a-'Ierp~ncne" 
8 1.1nionene 
9 P-PliellL~ndrene 

10 y -'reiplnenc0 
I I ~~ -Cymene '  
12 Terptnolene 
I ?  idlndlool 
14 CdmphofJ 
I 5 Bornyl 'icetdte 
16 Teipinen-4-01" 
17 P-Caryophyllene 
1 X Myrtenal" 
19 tr an\-Verbenol" 
20 4-Allylan1\ole" 
21 u-Terplneol" 
22 Borncola 
21 a-l-lumulene 
24 Vet henclne" 
25 Unknown sesqulteipene 

Loblolly and slash 
Loblolly and slash 
Idoblolly anti slash 
Unbedded loblolly only 
Loblolly and slash 
Loblolly ant1 slash 
Loblolly and slash 
l~oblolly alid slash 
Loblolly and slash 
Loblolly and clash 
Slash only 
Loblolly and slash 
Loblolly and slash 
Loblolly only 
idoblolly and slash 
Loblolly aiid slash 
Loblolly and clash 
Slash only 
Lohlolly and slash 
Slash only 
Loblolly and slash 
Lohlolly and slash 
iaoblolly and slash 
Loblolly and slash 
Loblolly and slasli 

"Conipounds found in trace amounts (.rO.5% of total volatile prof lc). 

produced a significant EAD response (i.e., one distinct from random noise), when 
the coinciding EAD spike fell in the 90% percentile for height more often than 
three times out of 14 runs (P 5 0.044, table ol'cumulative binomial probabilities; 
Sokal and Rohlf, 1995). 

Statisticxrl Ana ly s~s .  Damage estimates among tree species and plots were 
compared within generations using ANOVA followed by Tukey's test for means 
separation or Kruskal-Wallis ANOVA followed by Dunn's test if normality or 
equal variance assumptions were violated (sigmastat@ 2.0, Jandel Corporation, 
San Rafael, CA). Nonparametric statistics were preferred over parametric statistics 
on transformed data because no single transformation function produced normality 
and equal variance in all cases. Relative quantities of headspace analytes were 
compared between loblolly and slash pine at each sampling time using a r lest or 
Mann-Whitney Rank Sum test if assumptions were violated (sigmastat' 2.0). 
Significance levels for all tests were set at a = 0.05. 
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Fict 1 Averdge (ilSE) top-whorl percent \hoot intestdtion of \la\h dnd loblolly pine by 
lihvut ronrcr  ft uctrcxna on two \ep'irdte plots nedr R~ncon. GA, during tour tip moth genera- 
lion\ (G 1-4) 

KESUI-TS AND DISCIJSSION 

All pupae collected frorn \hoot\ were identilied as R fi~rtrrciizu, so the ob- 
w v e d  damage wds attributed to thr\ 5pecie4 Damage estimate\ for \la\h and 
loblolly pine were not \igniiicantly different at either plot during generation\ 1 
(N = 6 07, di = 3, P = 0 1 I) and 2 (N = 4 12, d l  = 3 ,  P = 0 251, but darnage 
to loblolly pine wd\ higher in generdtion\ 3 ( H  = 7 93, df = 3, P = 0 048) and 4 
(N = 43 28: df = 3, P < 0 001)  (Figure 1 )  Ddmdge to Ioblolly plne wa\ three to 
tour time\ greater than to \l'~\h pine during the fourth generdtion (F~gure 1). Dam- 
'ige to \la\h prne peaked at 26% during the \econd generation (Flgure 1 )  l;'he\e 
re\ult\ conhrm p1evrou4 observations that, although loblolly prne rs rnore \u\cepti- 
ble to tip moth damage overdll, il,l\h pine mcly be equally \u\ceptible durrng e'irly 
\tage\ ot 5eedlrng e\tabl~\hrnent The re\ult\ lrkewise \ugge5t that host preferences 
of ovlpositing K f i  rirtiancr \httted rn I'~vor of loblolly pine duiing the seedling\' 
first growing jeason, '1 phenomenon \ugge\ted but not do~urnented prevlouily 

N o  lois of '~dsorbed vo1,itile coinpound\ wa\ detected ( P  2 O 05) on SPME 
tlberi expo\ed to stand'ird5 'ind \tored up to 2 wk Twenty-five ~ornpounds, 
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TARI.E 2. ANTENNAL RESPONSES OF MALE AND FEMALE R.fiusfrarzu EXPOSED TO A 

SYNTIIBTSC MIXTURE OF HOST-ASSOCIA'I'ED COMPOUNDS USING ~~~~~~~ED GAS 
CHROMAT~GRAP~~Y-ELECTR(~ANTE~NN~C~RAPI~C DETECTION (GC-EAD) 

Quant~ty  Female EAD M J ~  EAD 
Peak into G C  Purity re\pon\e re5ponse 

number Compound (ng)" ((h) S U ~ ~ I I ~ I "  ( / A  V)' ( /*v)  

( 1 ) - a - P ~ n c n e  
i f ) -Camphene 
( f  )B-P~nene 
(f )-Sab~nenc 
Myrcene 
(-) a-Phellandrenc 

Acros 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Altlrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Fluk;r 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Fluka 
Aldricll 
Fluka 
Borregaard 

77 1 14 
n," 

8 8 f  17 
I l \  

X h f  17 
48 1 6 

I>\ 

70  1 I 1  
61 1 9  

n\ 
1 0  + 5 

129 f I6  
111 1 18 

n\ 
1 2 9 f  15 
48 & 12 
75 f 13 
78 i 13 
42 f 9 

I03 f I7 
104 f 17 
1 1 5 1  17 

" Amount i~ijected into the pas chron~atograph of the GC-EAD apparatus. Column effluent was split 
1: 1, hence antennae were exposed to approxima~ely half this quantity. " Acros Organics, Pittsburgh, PA (Acros); Aldrich Chcrnical Co., Milwaukee, WI (Aldrich); Fluka 
Chemical Corp., Milwaukee, WI (Fluka); Borregaard Chernical Co., Sarpsborg. Norway (Borregaard). 

I Mean 1 standard error. 
" Ailtentlac did not respond to the compound. 

primarily monoterpenes and sesquiterpenes, were identified from SPME runs of 
both slash and loblolly pine, with 12 of these con~pounds present in only trace 
amounts (i.e., they did not appear in rnost runs or never averaged more than 0.5% 
of the total volatile prof le throughout the study) (Table 1). Previous tests confirmed 
that none of the compounds identified as host volatiles were present as impurities 
from the fibers or polyethylene bags (data not shown). The relatively large number 
of compounds detected compared with previous research using porapakB Q (Ross 
et al., 1995) suggests that SPME is a more sensitive method for sampling volatiles. 

Significant differences were found between the total volatile protiles of slash 
and loblolly pine for all generations. For silnplicity we have shown volatile profiles 
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2nd Tip Moth Generation 4th Tip Moth Generation 

Volatile Compound 

FIG. 2. Relative differences (average i SE) in headspace composition between slash and 
loblolly pine during the second ( A  and B) and fourth (C and D) Iil~c~c~ionic~,fi-rrstianil 
generation on unbedded (A and C )  ancl bedded (B  and D) plots near Kincon. GA. Compounds 
showing a sig~lifcant difference between slash and loblolly pine are indicated by n single 
(P  < 0.05), double ( P  < 0.01), or triple ( P  < 0.001) asterisk. 

collected during the 5econd and fourth tip moth generation\ (Figure 2) ,  becau\e 
these two generations appeared to be\t repre\ent the chdnge In K f r  ~rrttcrtlu ho\t 
preference thal occurred during the tir\t growing \ea\on. Speclhcally, the jet- 

ond gcneratlon cau5ed moderate and sim~lar damage level\ in both plne jpecles, 
wherea\ damage level\, and presumably K fr-u\tr u t ~  ovipo\itlon preference, were 
hlghei tor loblolly \eedling, by the fourth generation (Figure I). 

Greater differences in volallle\ between \la\h and loblolly pine einergeif by 
the fourth generation (Figure 2a-d). Among the 25 compound\ collected (T'lhle I ) ,  
12 (\ablnene. camphor, p-cymene, myrtenal, 4-allylcin~~ole, a-telp~r~ene,  y -  
teipincne, ter-pinen-4-01, tlcilzc-verbenol. u-terpineol, borneol, verbenone) were 
tound in trace aniount\ and did not differ between \la\h and loblolly pine w~thin 
either plot (P  =. 0 I) from one generation to the next (data not \hewn) B,irring 
the po\\ib~llty ot temporal vanation in the enantiomer~c compo\ltion of chtral 
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menibeis of this group (which our \tidy did not examme), our data suggest that 
these 12 coinpounds likely do not pl'iy d role in host discrimination by gravld 
ternale R f r  u t t r  irnu 

At each plot, a n~imber ot volatile conipounds, which were not present or  
detected in trace ,)mount\ during the \econd generation, becaine apparent or in- 
creased \ignlh~,tntly durtng the fourth gerier'ition (Figure 2) Because damage 
dlvergeci on the two host species after the second generation, we would also ex- 
pect compo~tnds acting 'is host selection cues to dlverge quantitatively during this 
time Six compounds were detected that quctnritativcly distinguished slash and 
ioblolly pine during the fourth but not the second generation in the bedded plots 
(a-phellandrene, llmonene, B-phellandrene, boinyl 'tcetate, ,B-cLiryophyllene, and 
'In unidentified sesquiterpene) (Figure 2b and d) However, only one of these com- 
pounds (,B-phellandrene) d~stiriguished the two tree \pecres in both the bedded and 
unhedcied plots (Figure 2a--d) 

Although no inteispecific differences In relatlve nmount\ of myrcene were 
discovered, a4 in R045 et '11. (1995), tlie\e data do support earlier \tudles showing 
that 13-plnene is present in greater amounts in slash plne compared to loblolly 
pine. However, 6-pinene did not fli~ctuate significantly In either host during the 
jtudy. Because the chirality of ,B-plnene produced by each tree species was not 
determined, the possible role of B-pinenc in hoct d~scrimination remains unclear. 

The r~itensrty of site preparation and correjponding growth rate of tree 
seedlings may have had an Important effect on volatile erni\\ions, becauce volatiles 
from tree\ on the bedded plot yielded a greater variety of compounds or showed 
greater ciifferences between slash and loblolly pine. Weeds overtopped tile pines 
on the unbedded plot but never became well established in the bedded area. By 
October 23, the tree\ on the uiibcdded plot 'weraged only 38 7 and 34 2 ern in 
height tor loblolly ,~nd slash pine, icspect~vely. whereas on the bedded site, they 
,iverciged 98 7 'ind 64 3 cin in height, respectively. However, the experiment was 
not originally designed to test differences in site preparcition and, without repli- 
c,itrori, m y  conclusion\ regardrng the etlects of site preparation on production of 
volatile\ 'ire speculatrve. 

Nineteen dltferent compounds d\sociated with host seedlings elicited re- 
\ponse\ from antennx of female K j iu\tiunu ( F ~ g u ~ e  3, Table 2) Antennae of 
rndle\ generally exhibited a similar pdttern ot ollactoiy sensitivities as females, 
responciing to 17 ot 22 tested conipounds. In dddition, a iignlhcant antenna1 re- 
sponse w,~s detected 'it the retention tiine ot p-phellandrene, which was present as a 
contarnin'mt in the \ynthetic te\t mixture Our CC-EAD data indicdte that R fr u\- 
tr rriitr 'ire cap,tble of senslng the r-tiajority ot compound\ in the blend\ of volatile\ 
,ts\oci,iteti with h04t seedlings The extent to which R f r  lrsrrrrriu cdn distinguish 
thew coinpounds or their enantiomel\ tronl one another I \  unknown, nonethele\s 
our cl'it'i suggest tli,lt '1 large number of compouncis could potent~~~l ly  mediate host 
selection by teni'tle K fr usrr clrlu 
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Fra. 3. Sirnul~~neously recorded gas chromatographic (GC) and electroantennograpliic 
detection (EAD) traces from a single female K.fi.u~ri-ot7cl antenna in response to a synthetic 
mixture of compounds found associated with foliage of potential host trees, P. t c r ~ r l u  and 
P. rlliottii. Identities of individual GC peaks arc listed in Tahle 2. GC trace rcpreselits outp~lt 
from a fiarne ionization detector. 

Locat~on of hoct plant\ by pliytophagou\ Insects niay be medrateti by plant 
volat~le\ (Stadler, 1974; Mlller and Stnckler, 1984, Hanula ct a1 , 1985, Metcalf, 
1987), whe~eas compound\ on the plant \ ~ ~ r f a c c  nlay medrate oviposrt~on prefel- 
ence\ (Stadle~, 1986; Woodhead and Chapman, 1986; Ro\\ et al., 1995) However, 
Honda (1995) cite\ acculnulatlng evidence that plant volat~le\ m'iy al\o rnedldte 
ovlposltlon by female moth\. Previous electrophy\rolog~caI \ tud~e\ have demon- 
\trated the cxb~llty ot tortricid moth\ to detect 'tnd d~\trngut\h '\ I'i~ge numbet 01 
host-aswc~dted odor\ (Den Otter ct dl., 1978, V~ln der Per\, I981 ; Rotundo 'ind 
Tremblay, 1993) In '~ddrtlon, behavlclral \tudle\ have \hewn that moth \pecle\ 
from a d~vers~ty  of Insect f a~n i l~e \  re\pond to a broad vdi~ety of host-d\\oc~ated 
compound\, ~nc lud~ng  terpene\ (Pivnrck et a1 , 1994; Suckl~ng et '11, 1996, Shu 
et al., 1997; Ragu\o dnd L~ght ,  1998; R ~ t ~ g u ~ e r e  et al , 2 0 0  1 )  Suckllng ct ~ l l  ( 1996) 
stated that EAD was a poor pred~ctor of ov~po\~tro~i-rel'ited 'ittraction or rnh~b~tlon 
In the l~ght  brown dpple moth, Ep~pli\ur p o u ~  i f t c r t~ ( l  (Leprdopterd Tortricld'ie). 
'I h~ghly polyphdgou\ \pecre\ However, they sugge4ted thdt t h ~ \  dpproacli 1111ght 
work better on rnonophagou\ \pecles 



Where'is B-phellandrene wa\ the only compound that nlet bas~c cllterla for 
being a host \clectton cue, ~ t s  mode\t correlation w ~ t h  damage levels sugge\ts that 
this compound I \  not the only cue rnedldting host d~rcr~minatlon The large number 
of volat~le compound4 detectable by R f~ iictrailcl suggests that ttp moth ovlposltion 
preference5 may be mediated by the perception of blends of compounds In specihc 
proport~ons and not the absolute concentrations of lndiv~dual sem~ochemlcals 
Furthermore, there 1s a \tiong pos~lbtltry that R jrustrcrnu can d ~ j t ~ n g u ~ s h  between 
the enantlomers of chtrdl compounds Therefore, differences In the enant~omer~c 
composltlon of phytochemlcals between the\e two hosts may Influence ovlposltlon 
preference Future studtes should Include enantlomerlc analysls of host volat~les 
and EAD responses of R fru~tr anu to these enantlomers In adclitron, the potential 
Importance of v~sual cues In host \election and ovlposltion by R fiurtrunu and the 
poss~ble Interactions of visual with chemlcal cues should be addressed. 
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